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INTRODUCTION 
During a recent  s tudy of s o i l  erosion i n  t h e  Farne Is lands ,  Northumberland 
p u f f i n  colony i t  became c l e a r  t h a t  any i n t e r p r e t a t i o n  of t h e  eros ion 
process and i t s  causes would requ i re  information on the s i z e  of  
nes t  burrows, t h e i r  excavation and use fu l  l i f e .  The following paper 
is an attempt t o  br ing  together  published mater ia l  on these  top ics  
with add i t iona l  da ta  obtained during t h e  Farne Is lands  study.  
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NESTING SITES 
Puffin colonies are  generally found on steep maritime c l i f f s  o r  
on small, usually rocky, islands.  The nests  are  located i n  burrows 
dug in to  the s o i l ,  crevices between boulders o r  natural  c l e f t s  and 
ledges i n  rock faces. 
Burrow nesting predominates i n  the southern par t  of the range, t ha t  
is i n  north America, Britain,  Ireland, France, Iceland and the 
Faroes but several  very large northern colonies, e.g. R6st and 
Lormnden i n  Norway are  dominated by crevice nesting. Some authors, 
e.g. Nettleship (1971) have suggested that  t h i s  variation i n  nesting 
habit  i s  climatically controlled, as  i n  northerly colonies s o i l s  
often remain frozen o r  snow covered u n t i l  mid-summer so  preventing 
burrow excavation. However, even i n  Murmansk and Novaya Zemlya many 
birds manage t o  dig burrows while i n  southern colonies a small 
proportion of birds use crevices o r  ledges. Thus, i n  some s i t e s ,  
the use of crevices may be merely a u t i l i s a t i on  of the best 
available s i t e s  ra ther  than a response t o  climatic factors .  
In any one colony one type of nest location usually dominates with a 
minority of birds using other available s i t e s .  The Farne Islands 
(Northumberland) colony i s  almost en t i re ly  burrow nesting but a small 
number of birds  use crevices amongst the boulders of a storm beach, 
Puffin Island (North Wales) has nests  i n  burrows and on rock ledges 
while i n  Rundoy (Norway) crevice, burrow and ledge nesting is found 
i n  close proximity (Brun 1966). Where pressure on nesting s i t e s  is 
very high bizarre  locations may be used, thus two o r  three pa i r s  nest  
each year among the timbers of a wrecked ship washed up on the Farue 
Islands, and pa i r s  have nested i n  the basement of a house b u i l t  i n  
the middle of a colony (Dr M P Harris,  pers comm). 1 
Within a colony the nest  burrows o r  crevices are  ra re ly  diskributed 
randomly. Commonly, as a t  the now ext inc t  colony of S t  Tu a l s ' ,  C 
north Wales the puffin burrows are  s a id  t o  be 'principally crowded 
together i n  a b e l t  twenty t o  for ty  yards wide s t re tching a 1 around 
the coast jus t  above the c l i f f s '  (Thearle et  a1 1953). 81 i l a r l y  i 
on Skomer the burrows are concentrated i n  a zone a t  the top of the 
c l i f f s  (Lockley 1950). In a detai led study of the Great I 
colony, Newfoundland, Nettleship (1972) demonstrated the i 
of the c l i f f  edge as  a factor  influencing the abundance of /nests .  
I 
The burrows there a r e  concentrated on a s teep seaward 
with low nesting densi t ies  on adjacent l eve l  ground. 
of the contribution of several s i t e  factors  t o  t h i s  variatdon i n  
density showed tha t  distance from the c l i f f  edge accountedfor 65.5% 
I 
of the var ia t ion,  and distance from c l i f f  edge, s o i l  depth and slope 
together accounted for  80.6%. 
A similar study i n  the Bik i Myrdel colony i n  southern Ice and 
(Grant and Nettleship 1971) considered areas above and be1 w the 
habi ta t .  Above the c l i f f  burrow density was negatively 
t 
main c l i f f  face, although the c l i f f  face was i t s e l f  the prime 
correlated with distance from the c l i f f  edge and t h i s  was he I 
main factor  influencing burrow d is t r ibu t ion  i n  t h i s  par t icp la r  
area. Below the c l i f f  the most important fac tor  was the o currence 
of large boulders protruding through the s o i l  cover with b rrow I 
entrances concentrated a t  the  boulder - s o i l  junction aroupd t h e i r  
periphery. The authors suggest t ha t  the preference for  t h  se two 
locations,  c l i f f  top and boulder fringes,  i s  because they erve a : 
landmark function " f ac i l i t a t i ng  rapid detection of the burrow 
entrance by the Puffin", an important fac tor  i n  the presence of 
predatory skuas and gulls.  
While the posit ion of the c l i f f  edge, o r  the c l i f f  i t s e l f  may be 
the important focus f o r  nests  on large mainland c l i f f s  o r  on 
islands with c l i f f ed  margins d i f fe ren t  factors become important 
on small, low lying islands.  Thus on the Farue Islands s o i l  depth 
is the s ingle  most important factor  influencing the dis t r ibut ion of 
burrows. Availabil i ty of a sui table  depth of s o i l  is also l ike ly  
t o  be the c r i t i c a l  factor  on the Murmansk Islands where some colonies 
are located i n  thick vegetation up t o  250 m inland (Skokova 1967). 
Where nesting takes place i n  crevices these are  most commonly located 
amongst the rocks of boulder scree accumulations which l ie  immediately 
below o r  adjacent t o  ver t ica l  rock c l i f f s .  A l l  the large colonies 
dominated by crevice nesting are i n  s i t e s  of t h i s  type, e.g. the 
Norwegan colonies mentioned ea r l i e r .  Nesting i n  holes on rock 
c l i f f s  may u t i l i s e  i r regular  cracks o r  f i s sures  but the most common ' 
s i t ua t ion  here is where d i f f e r en t i a l  erosion has removed narrow 
layers of so f t e r  rock o r  where widening of horizontal jo ints  o r  beddding 
planes has produced deep horizontal o r  near horizontal ledges 
penetrating back i n t o  the rock face e.g. Puffin Island, Gwynedd 
(North Wales). 
Nest burrows are  most commonly dug i n  peat-like, humus r ich  s o i l s ,  
o r  the highly humic surface horizon of mineral s o i l s ,  which are  
common on steep maritime slopes o r  small uncultivated is lands 
favoured by puffins.  Burrow excavation is re la t ive ly  easy i n  t h i s  
s o f t  organic r ich  material and the resul t ing tunnels can be surprisingly 
s tab le  provided that  a thick enough roof e x i s t s  and trampli g, e.g. 
by animal hooves o r  human f ee t ,  is absent. However, burrow are 
a lso found excavated i n  sand (Faraid Head, Scotland) gravel (Great I 
Island, Newfoundland), compacted mineral s o i l  (Farne Islandb. 
Northumberland) and even s o f t  rock (Skomer, Lockley 1934). I 
In  most instances the nest  burrows are  dug by the puffins t emselves I 
but pre-existing burrows dug by other b i rds  o r  animals are  l s o  used. I 
In par t icular ,  rabbit  burrows are  extensively used i n  several  b r i t i s h  
colonies, e.g. Skomer, Skokholm, Puffin Island, The Farue Iblands, 
and on the Sept I s l e s  off the coast of Brittany. The most krequently 
I 
used burrows dug by another bird  are those of the shearwate s. t 
I 
BURROW EXCAVATION 
The puffin is well equipped f o r  digging with its strong legb, 
webbed fee t  with sharp claws and its powerful b i l l ,  which i 
commonly likened t o  a pickaxe. ( I t  is in te res t ing  that  t h  l a t t e r  
gives r i s e  t o  the  Russian n a e  f o r  the puffin - "tupik", wh'ch i s  t 
derived from 'topoick' the word for  a small axe - translatoks footnot6 
i n  Belopolskii 1957) Brent (1919) considers tha t  the  l a rge  strongly 
curved claws on the second d i g i t  of the  puffins foot may bej a special  
I 
adaptation fo r  digging out the burrow. 
A number of authors (e.g. Belopolskii 1957 and Lockley 1953 1 suggest 
t ha t  the b i l l  is used for  making the i n i t i a l  cuts i n t o  the Boil 
surface with the fee t  mainly used f o r  shovelling away the lbosened 
material. Thus Lockley (op c i t )  describes the b i rds  "usin the b i l l  
as wedge and pickaxe" and then paddling the loosened ea r th  etween 
the thighs before e ject ing "lt backwards i n  a f ine  shower i t h  i t s  I 
broad webbed f ee t ,  which made splendid shovels". Kartashed (1960) 
t a lks  of the  b i rd  making cuts i n t o  the ground with its 'mighty b i l l '  
and scraping aside the d i r t  with its strong fee t .  
The authors observations on the Farne Islands generally support the 
above descriptions but once a burrow there has been i n i t i a t e d  i n  
peaty s o i l  then the fee t  a r e  used both for  digging and shovelling, 
the claws being apparently strong enough t o  loosen t h i s  so f t  s o i l .  
However, i n  harder mineral s o i l  the b i l l  seems t o  be used t o  detach 
the s o i l  throughout the digging - o r  a t  l eas t  throughout that  
portion which could be observed d i rec t ly .  The repeated scratching/ 
shovelling action with the f e e t ,  which resembles rapid backward 
kicks with a l te rna te  fee t ,  produces a charac te r i s t ic  ridge down the 
centre of the burrow f loor  with the s o i l  worn away on e i the r  side.  
This ridge i s  most obvious immediately a f t e r  excavation and may 
become worn down during the breeding season. 
Although some of the excavated s o i l  is scattered upto a metre o r  so 
from the burrow entrance the vast bulk of i t  remains within 50 cm 
and a large amount is often packed a t  one end of a hollow channel 
which extends for  a short  distance away from the entrance. This 
hollow has probably developed as  the burrow entrance has been 
gradually cut back. In general, the f a t e  and location of 
excavated s o i l  depends upon the macro and micro topography of the 
s i t e .  On steep slopes or  c l i f f s  i t  r o l l s  o r  s l ides  downslope whereas 
when burrows are dug i n  between high tussocks i t  is not scattered f a r  
from the entrance. 
The detai led location of the burrow entrance is commonly influenced 
by the vegetation and/or the  micro-relief of the nesting s i t e .  Many 
colonies occupy slopes o r  i s land  tops which have a tussock o r  hummock 
surface due t o  the growth form of some of the plants  common/on these 
s i t e s  e.g. grass tussocks (Festuca rubra and Holcus lanatus on Dun, 4
St. Kilda, t h r i f t  (America maritima) tussocks on Skomer, sea  
i 
campion (Silene maritima) hummocks on the Fame Islands. 14 these 
cases the burrow entrance is usually i n  the hollow between tussocks 
o r  hummocks and the tunnel is driven i n  horizontally on s l o  e s  or ,  4 '  
on broadly leve l  areas,  pa ra l l e l  t o  the ground surface and b d e r  
the hummock. This is c lear ly  the ea s i e s t  place for  
the level ground s i tua t ion  i t  can lead t o  
hummocks and consequent erosion. 
Other Small sca le  surface i r r egu la r i t i e s  are often exploi te  A i n  
s i t i n g  of entrances on generally f l a t  s i t e s .  Kaftanovskii 1951) 
describes burrows on the Kharlov and Kuvshin islands where he I 
entrance i s  s i t e d  on the ve r t i ca l  wall of depressions i n  th4 peaty 
s o i l  with the tunnels running horizontally. Removal of exc vated s o i l  
w i l l  be much eas i e r  from a horizontal burrow than one with downward t 
slope and t h i s  may be one reason f o r  most puffin burrows be ng 
horizontal ,  o r  nearly so. On the Fame Islands the burrow 1 loors 
remain close t o  the horizontal on s i t e s  ranging i n  surface lope 
from 0 t o  35O only deviating i f  a stone i s  encountered o r  t e 
burrow f loor  collapses i n to  an underlying tunnel. 
t I 
The t o t a l  amount of digging which takes place i n  a colony e 1 ch year 
w i l l  depend on the s t a b i l i t y  and useful l i f e  of pre-existin burrows 
plus the number of new burrows needed t o  accommodate any e ansion I 
i n  the breeding population, provided tha t  there  are  no prob ems i n  
burrow i n i t i a t i o n .  However although b i rds  are readily obse ved I 
t idying and modifying ex is t ing  burrows a t  the s t a r t  of the  preeding 
season complete, freshly dug burrows are found surprisingly rarely .  
Kaftanovskii (1951) records, "the finding of freshly excavated burrows 
is something which 'I have experienced only on ra re  occasions". 
In some colonies t h i s  may be because there a r e  suf f ic ien t  pre-existing 
burrows t o  accommodate the breeding population. However, on the 
I s l e  of May, where the colony has expanded rapidly during several  
years of intensive study and while hundreds of additional burrows 
have come in to  use, D r  M P Harris reports (pers corn) t ha t  he has 
never observed a puffin digging a new burrow. Similarly, freshly 
dug burrows have not been observed during the recent work on Skomer 
i 
and Perrings (1978) suggests tha t ,  i n  the hard s o i l  there,  the  
Puffins seem unable t o  s t a r t  burrows 
The i n i t i a t i o n  of burrows is,  i n  many colonies a topic  which requires 
fur ther  study t o  explain the apparent anomalies. m i l e  the 'hardness' 
of the surface s o i l  may prevent digging i n  some colonies the fibrous,  
spongy root mat formed by grasses may prove equally d i f f i c u l t  i n  
others. If a break i n  the surface vegetation and/or root mat is 
necessary before the Puffins can i n i t i a t e  a burrow then the 
a c t i v i t i e s  of rabbi ts  may be v i t a l l y  important i n  the expansion of 
some colonies (e.g. the I s l e  of May). Elsewhere, breaks i n  
vegetation, due t o  slumping of unstable s o i l  on steep slopes, o r  
a t  the base of some tussocks, i n  tussock forming vegetation may be 
equally important. 
The Parne Islands is one colony i n  which many new burrow entrances 
are s t a r t ed  each year: the combination of the Silene dominated 
vegetation on the outer is lands,  common areas of bare ground and 
s o f t  surface s o i l  apparently makes burrow i n i t i a t i o n  easy. However, 
many of these new entrances intercept  exis t ing tunnels within a 
short  distance and I have so f a r  been unable t o  f ind a complete 
newly dug burrow which is used for  breeding i n  the same se son. 
Some burrows may be dug i n  two phases a s  a second phase of burrowing I 
usually takes place i n  ea r ly  July.  This digging appears t+ be 
carried out by immature b i rds ,  a s imilar  phenomenon was re or ted 
from Skomer by Lockley (1953), and the burrows are  not use 1 f o r  breeding 
i n  the same season. Further digging i n  the following s p r i  g may 
complete these burrows. Although t h i s  l a t e  addit ional bur 1 owing 
by immature birds  is unlikely t o  account f o r  a very high p 
of new burrows it i s  a factpr  which may be operative i n  o t  
colonies. 
The s t a b i l i t y  of ex is t ing  burrows w i l l  depend on many f ac t  b rs, 
e.g.  s o i l  properties,  erosion, disturbance by man and anim 1s. 
and climatic events. Thus, burrows dug i n  compact, cohere t Soi ls  h 
are  more s t ab l e  than those i n  loose, very f r i ab l e  materialb. The 
very large amount of fresh digging each year on the Farne slands I 
i s  par t ly  a response t o  destruction and i n f i l l  of burrows by 
I 
erosion and the a c t i v i t i e s  of sea l s ,  and is considered i n  
l a t e r .  
Where burrows remain s tab le  they can be reused over many b eeding PP 
seasons and work on Skomer, the  I s l e  of May and the Farnesl shows tha t  
birds return t o  the same burrow o r  the same general area  i successive I 
seasons. However, recent work on S t .  Kilda (Harris, persl comm) 
indicates a rapid turnover i n  burrows i n  apparently s t a b l e  ground. 
Similarly, Dickinson (op c i t )  could only relocate 75,  40 &d 20 
burrows, out of a sample of 100 i n  the three years followibg marking 
I 
on Skomer, while the t o t a l  tlumber of burrows i n  h i s  study 
, 
did not change s ignif icant ly .  A s  Mckinson (op c i t )  obsekes .  "Any 
I 
losses  must be made good by digging of new burrows1' and he suggests 
In addition t o  digging t o  replace damaged, destroyed o r  l o s t  
burrows, o r  merely t o  add new ones, there may be some excavation 
due t o  an inbui l t  urge i n  the Puffin t o  dig. The Faeroese fowlers 
firmly believed i n  t h i s  urge and collapsed areas of burrows a t  
in te rva ls  thus necessitat ing re-excavation and sat isfying t h i s  
urge (Ngrrevang 1978). 
BURROW SIZE AND FORM 
There are re la t ive ly  few detailed descriptions of puffin burrows 
i n  the l i t e r a t u r e  with most authors making passing reference while 
discussing other aspects of puffin ecology. Thus Witherby e t  a1 
(1941) note tha t  the nest i s  a s l i gh t  hollow a few feet  from the 
, 
entrance of a shallow burrow, Lockley (1934) refers  t o  the nests  
being placed a t  the end of shallow burrows not more than three t o  
four fee t  long and Lacey (1949) reports that  on Puffin Island, 
north Wales the  birds  usually tunnel t o  three or  four feet .  
A more detailed discussion of burrows on Skokholm is provided 
by Dickinson (1958). He found tha t  the burrows he studied were 
generally between 75 c m  and 120 cm long, about 12.5 cm i n  
diameter and the inner end was from one o r  two inches t o  several  
fee t  below the surface "depending on the slope and the hardness 
of the ground". Almost a l l  the burrows were angled so tha t  l i gh t  
" 
did not penetrate the f u l l  length from the entrance and the nest  
Table 1 1 
Burrow dimensions on the Farne Islands, North 
I 
Number of 
observations 
Diameter 
Length 
18.03 f 1.71 mean 
10 min 
41 max 
11.6 + 0.90 me an 
5 min 
21 , max 
88 me an 
31 min 
120t max 
was found i n  the da burrow which 
more complex burro s t  common i n  sof t  A 'guano p i t '  
was present i n  many e burrows and was commonly s i t e d  a t  the 
corner t o  which the l i g h t  reached o r  i n  a blind s ide  tunnel. 
Examination of several  hundred burrows on the Fame Islands indicates  
similar general dimensions (Table 1) t o  those reported by Dickinson 
(Hornung, i n  press).  Burrows range i n  length from 40 t o  c. 150 cm. 
(accurate measurement of the longer burrows i s  d i f f i c u l t  without 
causing damage) with a mean of c.  88 cm and with 70% of the  sample 
between 70 and 110 cm long. The tunnels are  almost invariably wider 
than they are high but the width i s  also more variable than the 
height. A t  a distance of c. 25 cm from the burrow entrance the tunnels 
are  generally c.  18 cm wide (52% are  between 17 and 20 cm wide) and 
between 11 and 12 cm high (63% are  between 10 and 12 cm high). There 
, 
is l i t t l e  variation i n  height along the length of the  burrow but the 
entrance is usually wider (c. 25 cm ) than the main section of the 
tunnel and a t  the i end the tunnel expands t o  form the nesting 
chamber which i s  a m wide. 
There are  no s ignif icant  correlations between burrow length, height 
and width but some variations i n  a l l  three are  re la ted t o  s o i l  
character is t ics ,  Thus burrow height and length are posit ively 
correlated with s o i l  depth. Lower and shorter burrows may be dug 
i n  the more unstable, shallower s o i l s  or ,  because of increased 
s t a b i l i t y ,  the burrows i n  deeper s o i l s  may remain i n  use longer and 
-- - - ~ ~ . . . I . ~~~~~ 
so i l s ,  presumably t o  
were branched in te rna l ly  i n t o  two and sometimes three tunne(1s. The 
I blind tunnel not used i n  the, breeding season of the survey, had often 1 
I 
been used a s  the breeding burrow i n  a previous season as  eyidenced , 
eggshell and old nest  l inings.  Although most burrows h 
! 
. 
a t r ine ,  these were i n  the bl ind tunnel i n  only a small p r  
of burrows. The branch ows probably represent use 
, 
~/ I 
entrance burrow by d i f f e  a i r s  i n  different  seasons. small 
no s igni f icant  co 
nsions and shape o r  complexity but the proportion of b 
rows is posit ively correlated with burrow density i n  an 
vers l  Russian authors give description agrams of u r r m s  fr 
Barents Sea and No e simple o r  s ingle  
burrows appear very 
I 
~kokiiolm and the Fa 
r 
burrows usually begin with an opening t h a t  is 30 cm o r  more wide 
and then extended horizontally, o r  with a s l i g h t  down slope,  along 
a tunnel 10 t o  15 cm wide which ends i n  a small enlargement which 
forms the nest  chamber. Somewhat wider tunnels, c .  30 cm, a r e  reported 
from the Ainov Islands (Skokova 1967) where isolated burrows are 
said  t o  usually have a curved passage; an i l l u s t r a t e d  burrow is c .  150 cm 
long and has a l a t r i n e  a t  the bend i n  the tunnel and could almost be 
a diagram t o  f i t  Dickenson's (op c i t )  description from Skokholm. 
Figure 1 
Diagram of a s ing le  burrow on the Ainov Islands a f t e r  Skokova (1967) 
VA nesting chamber 
.. , . . . . 
.. .... 
. . . . . . . 
. . . . . . . 
privies  
Thus s ingle  burrows from almost opposite ends of the breeding range 
appear very similar i n  s i z e  and shape, local  var ia t ions  w i l l  be 
produced by s o i l  depth and nature, e.g. coherent o r  incoherent, 
stony, f r i ab l e ,  compacted, and, i n  some cases burrow density. 
An important factor  influencing burrow architecture i n  the  ussian 
colonies i s  i c e  and the depth t o  which the ground has thawe when 
burrowing s t a r t s .  Thus Kartashev (op c i t )  suggests tha t  t 1 nels  are  
deeper and longer i n  warmer regions than cold ones with lenkths of 
3 t o  5 m.  being quoted fo r  the Ainov Islands (and with some reaching 
10 - 15 m), 1 t o  3 m ( rarely  5 m) on the eastern Murman co t and I 
0.5 t o  1.5 m on Novaya Zemlya. This general argument canno/t be 
extended outside the Russian colonies a s  75 cm t o  150 cm 1 
t o  be the norm i n  Bri ta in .  
Figure 2 
'Bird town' on the Ainov Islands a f t e r  Skokova (1967) 
burrow entrance 
nesting chamber used i n  the current s e  son 
Dotted l i ne  encloses 5m x 5m study area . 
15 
Examination of diagrams i n  the Russian texts  shows t h a t  the very 
long burrows are  i n  f a  
ig .  2 ) .  Skokov 
' and one area i 
." 
25 m2 area, mos 
nesting chambers but these were o 
season. In places the burrows expand in to  caves and a t  times the 
burrows form two s to r i e s  with l inking passages between the two levels.  
Ksrtashev (1960) discusses ra ther  l e s s  complex tunnel systems which 
he c a l l s  'colonies' and Kaftanovskii (1951) ta lks  about the tunnels 
of adjacent burrows fusing t o  form a system of tunnels. One can 
envisage the burrow system being expanded, and new tunnels added 
and ex is t ing  ones linked as the birds  are  forced t o  re-route t h e i r  
burrows due t o  a lingering mass of i c e  o r  because of meltwater flow 
has caused a roof collapse. 
Complex burrow systems are a lso found i n  other colonies so tha t  
Lockley (1953) writes of burrows forming labyrinths and catacombs 
on Skomer 'and Dickenson (op c i t )  re fe rs  t o  continued lengthening 
and modification of burrows over many years resul t ing i n  complex 
systems of interconnecting tunnels with blind s ide passages. In 
the Farne Islands colony continued excavation of burrows around the 
margins and underneath low hummocks 1 t o  2 m across has sometimes 
resulted i n  the whole hummock being hollowed out t o  produce a cave, 
(Fig. 3 ) .  This resul t ing 'cavern' i s  then only used by one p a i r  
f o r  breeding although there may be up t o  ten entrances. Th i s .  
phenomenon has been reported fmm many colonies, i.e. only one 
p a i r  of birds  w i l l  use one burrow although t h i s  may lead t o  a number 
of tunnels. A s  burrows fuse t h i s  w i l l  have the resu l t  of 'displacing' 
I .  1 
3 4 5 
ietres 
( But row. undnstuhed soil. 
=? Burrow entrance?. 
Figure 3 I 
Plan of hummock hollowed dut by burrowing on the arne I s l a d s  P 
! 
some pa i r s  and necessi 
It by the collap 
e 
Belopol ' sk i i  (1957) r e  esearr  ' c i t i e s '  and t a l k  
being several  s to r i e s  i n  extent. It is tempting t o  think 0 
complex burrow systems, as opposed t o  individual, simple burrows as  
indicating colonies of great  age, e.g. Lockley (1953) t a l k s  of burrows. 
".... i n  existence for  centuries". While t h i s  may indeed be t rue  
i n  coherent s o i l  materials and i n  the absence of disturbance, i t  
-- - 
could also be tha t  some burrow systems develop quickly as  6 attemp't-y- 
t o  combat s o i l  i n s t ab i l i t y ,  acute pressures on space o r  factors  such 
as ice .  
NEST MATERIAL 
The nest chamber i n  the burrow o r  rock crevice may have a l in ing of 
plant material ,  plucked by the puffin from nearby vegetation and/or 
feathers but i n  many cases the egg nests  d i rec t ly  on the ear th  o r  
rocks. The presence o r  absence of a nest  l in ing and the quanti ty 
, 
of l i n ing  material, i f  present, varies both within and between colonies 
and shows no clear  pattern.  Thus large amounts of plant mat 
common i n  nests  amongst boulders a t  the Lovunden colony, Norway 
i n  burrows on t h e ' I s l e  of May but there is almost no l in ing  i n  the 
vast  majority of burrows o r  amongst boulders on the Fame Islands. 
Dickinson (1958) reports tha t  on Skokholm there are  nests  with no 
I 
l in ing,  others with ' a  few scraps of dried grass,  t h r i f t  o r  
campion, one with a p i l e  of gu l l  feathers and a few with 'quite 
substant ia l  mats' of dried grass and other vegetation. Reports from 
1 the  russian colonies indicate a s imilar  variation,  Kaftanovskii (1951) 
notes t h a t  on the Bolshoi and Malyi Zelenets islands the nest chamber i s  
urrow, a s  birds  a re  rarely seen ca 
the use of seaweed bention 
DAMAGE TO COLONIES AND SOIL EROSION 
The l i t e r a t u r e  on puffins contains frequent references t o  
he extensive 
I 
i n  some of the I r i sh  colonies are  sa id  t o  be 'undermining 
(Evans 1970) and on the Maly Ainov Island i n  the Bare 
ta lks  of the ground being ' 
I 
subterranean passaae of the 
der the weight of a man. 
rs a lso  r e fe r  to. the presence 
~. 
n t  of s o i l  erosion pn put 
! 
977), Newfoundland [(Nettles 
c.. i 
Michael and Inishte&aght - I 
! 
(Skokova, op c i t ) ,  / This l ink between the  puff 
erosion is taken even fur ther  by some authors rho suggest a t  erosion, + 
su l t ing  from t h e i r  burrowing can e destruct i  
i t a t  and hence the colonk. 
g undermining 'the ' e la r 
I 
l i d e  i n t o  the sea* d k l  
19 
destroying t h e i r  habi ta t  by s o  f a r  tunnelling it tha t  the bank 
s l i p s  away and t h i s  must be responsible f o r  several  mass 
disappearances of puffins from places 
ckley (1952) expresses the same view, 
ns t o  colonize a turfy island, work 
depart f o r  new te r r i to ry ' .  
The most frequently quoted example of the rapid decline of a colony 
as an apparent consequence of habi ta t  destruction by burrowing is 
the small (8.9 ha) is land of Grassholm, Dyfed. In 1890 Neale 
estimated over half a million puffins and t a lk s  of the puffins having 
so  ruined the shallow s o i l  t ha t  it gave way a t  every s tep  (J .  J. Neale 
i n  Lockley 1938). Drane (1894) calculated a t o t a l  of 689,638 (!) 
birds  standing on the is land a t  one time i n  1893, and included 
photographs showing very large numbers. However, t h i s  t o t a l  is too 
high as  the area of the island, used i n  the c 
and Williamson (1978) argues that  there  could no more than 
200,000 birds .  Whatever the actual  figure, t h i s  still very large 
, 
colony was reduced t o  only 200 birds  by 1928 (Lockley 1928). In 
1940 there were 25 pa i r s  and none i n  the mid 1940's although a few 
returned i n  1948 (Gillham 1953). Thus t h  
o t a l  collapse over a 
The burrows fo r  the  once massive population were excavated i n  a 
shallow layer  of peaty s o i l  which Gillham (1953). describing the 
remaining tussocks, says is composed 'mainly of Festuca peat mixed 
with disintegrated fragments of rock'. Lockley (19381 suggests t ha t  
burrowing began there would have been a 'two t o  three-foot-thick 
tu r f  o r  dried hay' but t h i s  is probably an over astimate as 
Drane (1894) t a l k s  of patches of 'dry f r i a b l e  peaty s o i l  of not more 
than o foot o r  so  i n  thickness.' By 1928 a l l  tha t  remainei over 
(pers. comm.) estimates them a t  30 - 45 cm. 
I 
1 
I t  seems l ike ly ,  therefore tha t  the  or iginal  layer of s o i l  as between 
30 and 60 cm thick. This id adequate f o r  burrowing but a t  the lower 1 I 
l i m i t  the burrow roofs would be very thin.  Such peaty so i lk  
I 
formed from Festuca rubra dominated vegetation commonly ha 
d i s t i nc t  horizons, a surface fibrous mat of dead stems and 
up t o  20 cm thick,  and a lower, dark coloured-layer of welli 
- 
humified organic material. Once broken the surface layer i B  readily 
disrupted by wind and rain ,  especially i f  the  surface veget t ion 
dies back. The lower h o r i z o ~  is very sof t  and readily burr wed but I 
the organic f ract ion of i t  is eas i ly  transported by wind once the s o i l  
, 
has been spread on the surf ace following burrow' excavation. 1 
I 
have been very high and there  were possibly several  burrowsjper m . 
is level  of burrowing i n  such f r i ab l e  s o i l  on almost leve gro 
us the exposed, widswept nature of the site could soon l e  d t o  
t I 
I I 
burrow collapse and erosion.  However, a t  present Grassholm, could s t i l  
I 
support a population of a few thousand pa i r s  and so  erosion, although 
important fac tor  was probably not nly one involved :ln the 
c l i ne  of the  colony. 0the1 co sen t ia l ly  s imilar  s o i  
have not suffered such have remained i n  existan 
over long periods, e.g. the Faroese and St .  Kilda colonies. 
Detailed s tudies  have been carr ied out on the Fame Islands over the 
l a s t  e ight  years i n  an e f f o r t  t o  understand the l inks  between puffin 
burrowing and s o i l  erosion i n  t h i s  one colony. The Farne Islands are  
a group of small, low lying rocky islands between 2 .7  and 9 km off 
the coast of Northumberland. Most of the burrows i n  t h i s  colony 
are  dug i n  shallow peaty s o i l s  over bedrock o r  i n  the humic horizon 
of deeper, mineral s o i l s .  In  e i t h e r  case there is a sharp, def in i te  
l i m i t  t o  burrowing, due i n  the f i r s t  instance t o  bedrock and i n  the 
second case t o  cemented o r  highly compacted horizons. Burrowing i s  
therefore limited t o  a s ing le  layer on the low slopes o r  level  ground 
which form most of the  colonized area.  Concern about erosion on 
the islands arose when large areas of bare ground developed i n  the 
mid 1960's and signs of s o i l  erosion became very c lear .  The islands 
are act ively managed as a nature reserve and attempts were made t o  
revegetate the bare ground. These fa i led  except on small areas where 
exclosures were erected t o  eliminate the influence of trampling and 
plucking. 
In the ear ly  1970's the erosion sutdy was begun and equipment was 
ins ta l led  on three islands t o  monitor the r a t e s  of s o i l  loss  and t o  provide 
samples of eroding s o i l  f o r  fur ther  analysis. The resul t ing data 
confirmed rapid ra tes  of erosion from the bare ground but with 
v i r tua l ly  no s o i l  loss  where a vegetation cover remained. Marked 
seasonal variations were a lso apparent i n  both the amount and nature 
of the s o i l  being transported. On two islands with colonies of 
puffins plus other seabirds, but not used by sea ls  during the study 
the main period of s o i l  loss  was between May and August o r  September 
with very l i t t l e  erosion between October and April.  A fu r ther  is land 
with puffins but a lso exteneively used by seal$ showed two main 
periods of s o i l  loss ,  May t p  August and November t o  Decemb b r. 
The l a t t e r  period corresponds with the main sea l  breeding beriod. 
I 
More detai led examination of the spring and summer erosio  1 showed tha t  
it began a t  about the same hime as burrow cleaning and ex avation, and 
the small amount of s o i l  b ing l o s t  was mainly i n  aggrega e s  s imilar  
t o  those being excavated b 1 the puffins.  The peak of the I erosion did 
not occur u n t i l  June o r  July when the eroding s o i l  compri ed much 4 
f i ne r  grade material. Thid represented s o i l  excavated as aggregates i n  
I 
April and May which graduadly became comminuted by the ac 1 ion of 
r a i n f a l l  and the trampling of birds  and therefore became uch more 
eas i ly  transported. In ad4ition the actual  s o i l  surface as  attacked 
l 
and eroded, par t icu la r ly  od one of the islands where a ge I t l y  
sloping area of bare ground w a s  affected by surface run-ojf each 
Casual observations indicated tha t  there  was f a r  more exc vation 
each spring on the Farne Islands than i n  many other  b r i t i  h colonies. 
Examination of the amount bf * s o i l q  excavated showed sign 1 f ican t  
September as  the s o i l s  wet ed up. Up t o  June o r  July the 1 
surface i s  also often stabdlised by a growth of the algae 
I 
A major component of the sbil l o s t ,  and i n  many years the 
i n  s i t u  s o i l  
Praseola but 
main one, 
as t h i s  d r i e s  up and crack6 it is often l i f t e d  and transpbrted by 
the wind, carrying attachedl s o i l  material with it. Once he surface 
has become thoroughly wet i n  autumn it seems t o  s t a b i l i s e  t except where 
sea l s  churn it up and i n i t i a t e  an addit ional phase of e m  
is material  excavated during burrwing and the excavation of burrows 
and t h e i r  subsequent f a t e  Formed a pa ra l l e l  study (Bornun 1981). 
I . 
correla t ions  t lon cover. Thus i n  bare 
ground on one i s l an  
c 850 g/burr 
ighest  r a t e  jus 
c.  1 tonne of s o i l  between them). The nature of the excavated s o i l  
a lso varied, i n  the bare ground i t  was almost a l l  s o i l  while i n  
amongst vegetation ant debris plus old  nest l in ing 
Monitoring of the bu 
showed fur ther  differences between bare and vegetated ground. In  
areas of bare ground up t o  90% of burrow entrances became i n f i l l e d  
whilst  i n  completely vegetated ground most burrows remained open 
and s table .  The i nerally took p la  
of the  breeding se  osion was sti 
areas were act ively used by breeding sea l s  the main i n f i l l i n g  
, 
resulted from the movement of sea l s  about the  surface. Thus i n  bare 
ground extensive re-exc on is required each spring t o  re-open ex is t ing  
burrows but where lace the amount of excavation 
more than required t ve the blockage a t  the entrance. 
The roof a t  the l y  cut back and the burrow l e  
In  addit ion many i n f i l l e d  entrances .are ignored with new ones being 
excavated. Burrows i n  bare ground were a l so  found t o  have a much 
shorter  l i d e  than those amongst vegetation, thus only 35% of a Sample 
remained i n  use o ng seasons compared t o  90% of a 
sample amongst ve er, the t o t a l  number of burrows i n  
each area remaine 
ased burrowing 
rooting environment due t o  burrowing and climatic factors  $re a l l  
1 
important. The actual pattern of burrowing seems t o  invol e an 
I 1 
i n i t i a l  stage where burrows are  scattered and relat ively w dely 
spaced. This I$ foll&ed by the development of groups of durrows 
which open off a common hollow. Coalescence of these hollo s then 
' 
i so l a t e s  a s e r i e s  of low modnds which then become the foci  fo r  burrows i 
with entrances around the i r  margins. Eventually the mound 
1 
Old nesting areas have been located which have been almost completely 
hollowed out, i n  some cases disected and then collapses. 
I 
dug over i n  the past but which now have few burrows. The 
I 
are  ident i f ied  by a character is t ic  s o i l  p rof i le  i n  which t 
I 
layer can be recognized by its content of she l l  fragments. / f i sh  bones, 
I , feathers e tc . ,  even though the tunnels have long since co l  apsed. I I It is almost cer ta in  tha t  tUe process of colonisation, i nc  ease i n  
burrow density. erosion and burrow collapse have moved f r  
area within the island group over a t  l ea s t  the l a s t  200 
I 
past accounts of the islandd indicate tha t  the colony 
centred on different  islands t o  a t  present. The time invo ved i n  one 
complete cycle from colonisation t o  evacuation w i l l  vary t h  s b i l  1 I depth and type but a figure of 50 t o  100 years is indicate on one 
island. There are a lso indicatione tha t  some is lands have been through I 
I two c 
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Comparison of s o i l  prof i le  disturbed by burrowing with undisturbed s o i l  
Research on the Farne Island has therefore confirmed tha t  b rrowing 
I 
by puffins can resu l t  i n  rapkd s o i l  erosion and tha t  conti  led, 
intensive digging by the birds  can resu l t  i n  the des t ruc t i  
s i t e .  
The work has a l so  indicated the factors  which r e su l t  i n  s c010nieS + 
having re la t ive ly  long term /s tabi l i ty  while others rapidly 
unstable. So i l  depth and t h e  are  c lea l ly  important; on 
Islands nearby bu r rws  i n  dlffer ing depths of s imilar  s o i l  material 
have markedly different  sltobiilities and useful lives. S0m s o i l  
materials remain coherent add s tab le  following burrowing w 1 i l e  others 
tend t o  slump and collapse. The 'area' available f o r  
also important as  there s e w s  t o  be a strong tendancy t o  cc/ntinue 
I I burrowing or attempting t o  dind burr- ra ther  than t o  lllov t o  an 
gives a sui table  thickness of roof. On the steep slopes t e burrows e 
al ternat ive site. The 'area' can epually be par t  of an is and o r  a 
whole island. On the Farns Islands 'areas' with available space can 
be found close t o  others which are  being burrowed t o  dest 1 ct ion.  
can be driven i n  horizontal there is suff ic ien 
sol  . The d i rec t  removal 0 level  ground has I 
The boundaries t o  a given *t+real can be formed by a c l i f f ,  
slope, a change i n  s o i l  depth o r  type, o r  a footpath, 
probably the most importanqifactor determining s t a b i l i t y  i z ~  
A given density of burrows n a s teep,  c .  30° slope w i l l  1 much l e s s  disturbance, bo th , to  the s o i l  and the vegetation 
considered as  a proportioq Jf the available surface area 
i I 
a change of 
Bowover, 
I 
slope. 
rosul t  i n  
I 
than a 
similar density on leve l  gsQund. This is primarily becaus on the i level ground the burrowing is essent ia l ly  r e s t r i c t ed  t o  on level with the tunnels running paral le  t o  the grouad surface a t  a de t h  which 
1 
the steep slope i t  is a proportion of the t o t a l  available volume of 
s o i l  which i s  affected. Thus a t  a burrow density of 3 burrows/sq m 
and using the average dimensions obtained from the Farnes study, s o i l  
removal w i l l  a f fec t  48% of the level site, but,  on a 30° slope with 
a 50 cm depth of s o i l  only 12% of the volume is removed. 
The area over which the rooting zone of the surface vegetation i s  
affected w i l l  a lso be markedly different .  On the level  ground the 
3 burrows/sq m would again affect  48% of the surface area but on the 
steep slopes about 14% w i l l  be influenced. In addition t o  the actual  
s o i l  removed the s o i l  masses remaining between burrows on leve l  
ground, a t  the density suggested above would be very small making 
linking of burrows almost inevitable.  In a slope the effect ive 
i n t e r  burrow distances a t  a given density could be much larger  with 
a consequent increase i n  s t ab i l i t y .  
These differences between the level  ground and slope s i t e s  w i l l  be 
crucial ,  given s imilar  s o i l  conditions. The figure of 3 burrows/sq m 
was chosen as densi t ies  of t h i s  order have been reported from a number 
of colonies on sloping s i t e s  which are  apparently s tab le  and densi t ies  
of t h i s  order were probably reached on Grassholm pr ior  t o  the c0llapSe. 
On the Earne Islands densi t ies  rarely exceed 1.2 burrows/sq m over 
the 20 m sq census uni ts  used but i n  the badly eroding areas they 
commonly exceed 2 per sq m over areas of several square meters. A t  
t h i s  level  i n s t ab i l i t y  is very l ike ly  on level  ground and i f  one 
adds t o  t h i s  the rapid r a t e  of turnover of burrows and the large 
amount of digging each spring it is easy t o  appreciate why areas 
become devastated. 
and re-vegetate areas badly affectad by erosion and i n  arhicb burrow 
numbers were beginning t o  de l ine .  Ihe ground surface was rotected 
with a thatch of brash brou 1 t from fo re s t s  on the mainland, f the 
I 
thatch being one o r  two branches overlapping. Some patches/ received 
no addit ional treatment but i n  others seeds collected from 
vegetation growing on the i s lands  w a s  spread below the tha I h. 
Results have proved highly sa t i s fac tory  and complete s t ab i  
and re-vegetation has been achieved. Assessment of the ef 
the  treatment on t h e  puffin population are  still i n  progre 
some general points can be made. A t  f i r s t  the  puffin numbdrs 
declined i n  the t reated areqs but a f t e r  two years they beg n t o  increqse 
and a re  now close t o  o r  above t h e i r  former levels;  the i n i  
displaced puffins probably formed par t  of a marked increas4 i n  the 
puff in  population on one of the adjacent islands of the g r  up. d 
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